I
nflammatory reactions are complex responses of many tissues to various types of harmful stimuli, including irritants, foreign bodies, trauma, or pathogens. Although such type of response is beneficial, it may progress to an inflammatory disease, including rheumatoid arthritis (RA). 1, 2 In clinical practice, many pharmacological approaches are currently in clinical use for the treatment of RA, including disease-modifying drugs like methotrexate (MTX) and biological agents. However, the wide range of adverse effects and high cost limit their successful use, especially in lowincome populations. 3, 4 During the inflammatory response, an exaggerated oxidative stress condition can initiate and amplify inflammatory reactions and, consequently, predispose additional tissue damage. 5 Therefore, attenuation of oxidative stress with plantderived antioxidants like polyphenols may add further therapeutic value to the currently used antiinflammatory agents in RA. 6 Moreover, many types of natural polyphenols, including silibinin, have the ability to potentially inhibit various inflammatory cascades, probably through interference with tumor necrosis factor (TNF)-α activated pathways, which are clearly defined in many in vitro and in vivo studies. 7, 8 Silibinin, the major active constituent of silymarin, was approved in clinical practice as a potent hepatoprotective agent 9 and investigated as adjunctive treatment in cancer chemotherapy. 10 Many studies proved silibinin has significant antiarthritic activity in various animal models of arthritic inflammation, 11, 12 and knee osteoarthritis in humans. 13 However, its clinical benefit in RA is not yet evaluated in randomized clinical trials. Accordingly, our pilot clinical study was designed to evaluate the clinical benefit of silibinin, when used as an adjuvant with MTX, in patients with active RA.
M ET H O D S
We conducted a multi-center, double-blind, randomized placebo-controlled pilot clinical study with a 16-week treatment period over two years (from January 2012 to January 2014) at the Rheumatology Unit, Baghdad Teaching Hospital, Baghdad, and Al-Sader Teaching Hospital, Najaf. Of the 145 patients screened for eligibility, 78 patients with active RA using MTX (15 mg/week) were randomly selected and evaluated to participate. Only 30 patients completed the trial [ Figure 1 ].
The patients were randomly allocated to receive either silibinin (120 mg; Tolbiac S.R.L, Argentina) specially prepared as capsule dosage twice daily after a meal, or a capsule formula filled with starch as a placebo (twice daily after a meal). The two formulations were administered as an adjuvant with their regularly used MTX regimen. The patients were instructed to continue their regular drug treatment schedule and were clinically observed every four weeks for any unusual side effects.
All participants signed an informed consent form according to the principles of the Declaration of Helsinki. The local scientific ethics committee of Baghdad University, College of Pharmacy and Baghdad Teaching Hospital, and the Rheumatology Medical Department approved the study protocol. All patients included had active RA, as defined by the American College of Rheumatology (ACR) 1987 revised criteria.
14 Active RA was proven by calculating either 28-joint Disease Activity Score (DAS28) or the Simple Disease Activity Index (SDAI).
All selected patients were on MTX treatment for at least three consecutive months without a clinical response until the time of inclusion. Patients with the following conditions at screening were excluded from the study: patients using non-steroidal antiinflammatory drugs (NSAIDs) two days before inclusion; hypersensitivity or severe adverse effects to silibinin; renal or hepatic impairment; pregnant and breastfeeding women; juvenile RA; patients using disease-modifying antirheumatic drugs other than MTX or high dose steroids; missing medication for two consecutive days; coexistence of other connective tissue diseases; and mild or inactive RA.
The patient's outcome was evaluated using the DAS28, 15 SDAI, 16 and functional ability by Health Assessment Questionnaire-Disability Index (HAQDI) 17 at the start (baseline) and end of the 16-week study period. Moreover, evaluation of patients' response by both ACR (ACR20, 
ACR50
, and ACR70: ACR 20%, 50%, and 70% improvement criteria) and European League Against Rheumatism (EULAR) response criteria was done at the end of the study to compare the effect of silibinin against placebo. 18 Blood samples were obtained from each patient by vein puncture at baseline and the end of the study. Of the blood collected, 3 ml was kept in an EDTA tube to be used for measurement of erythrocyte sedimentation rate (ESR) and hemoglobin (Hb). 19, 20 The remaining blood was transferred to a plain test tube and left at room temperature for at least 30 minutes to coagulate, and then centrifuged for 10 minutes at 4000 rpm to obtain serum. Using ready-made enzyme-linked immunosorbent assay (ELISA) kits, the resultant serum was utilized for the measurement of high-sensitivity C-reactive protein (hs-CRP), TNF-α, anti-cyclic citrullinated peptide (CCP) (DEMEDITEC, Germany), interleukin (IL)-6, IL-8, IL-2, and IL-10 (Beckman Coulter, USA). All data were statistically analyzed using SPSS Statistics (SPSS Statistics, Chicago, US) software version 18 and Graph Pad Prism 5.1 software (Graph Pad Software Inc, California, US). Continuous variables were presented as mean ± standard error of the mean (SEM) and discrete variables presented as numbers and frequencies. The Chi-square test was used for independence to test the significance of the association between discrete variables. The paired t-test was used to evaluate the difference between pre-and post-treatment values. Moreover, one-way analysis of variance (ANOVA) was used to test the significance of the difference in means of independent samples, and supported by Bonferroni's post hoc analysis. A p-value less than 0.050 was considered significantly different.
R E SU LTS
The demographic data and baseline characteristics were not significantly different between the two groups [ Table 1 ]. All the clinical markers evaluated were significantly improved in both groups at the end of the study compared to baseline values, except the ESR, which was not significantly altered [ Table  2 ]. The coadministration of silibinin with MTX produces a significantly greater effect on these parameters compared to placebo except CRP and SDAI, where the post-treatment values were not significantly different (p > 0.050).
Over half (60.0%) of the patients in silibinin group achieved ACR20 compared to 40.0% of patients in the placebo group, but the difference was not statistically significant [ Table 3 ]. Additionally, 26.7% of patients taking silibinin with MTX achieved ACR50 compared to 6.6% in the placebo group (p = 0.142). Moreover, only one patient (6.6%) in silibinin group achieved ACR70 while no patients in the placebo group achieved ACR70 (p = 0.309). Regarding EULAR response, 53.3% of patients using silibinin and 33.3% of patients receiving placebo achieved EULAR moderate response, but the difference was not statistically significant (p = 0.269). Two patients (13.3%) in the silibinin group had a good EULAR response compared to no patients in the placebo group (p = 0.143). Similar results were obtained in EULAR non-responders. We observed a high level (> 1) in all functional areas of HAQDI score for RA patients in both silibinin and placebo groups [ Table 4 ]. The values of all functional areas were significantly decreased in both groups compared to baseline values. However, silibinin, when coadministered with MTX, produces a significantly (p < 0.050) greater effect in dress, arise, and activity scores compared to that reported in the placebo group.
The coadministration of silibinin with MTX produces a significant (p < 0.050) increase in Hb (10%) after 16 weeks compared to baseline values. This effect was significantly greater than that reported in the placebo group post-treatment [ Table  5 ]. We observed a significant decrease in serum IL-8 levels in both silibinin and placebo groups (49% and 9%, respectively) compared to baseline values, but the effect of silibinin was significantly greater than in the placebo group. Moreover, serum IL-6 was significantly decreased in both groups (38% and 11%, respectively) at the end of the study. The effect of silibinin was significantly greater than that reported in placebo group after 16 weeks. Both treatment approaches produced a significant decrease in serum TNF-α (51% and 30%) after 16-weeks. However, the effect of silibinin was significantly greater than placebo. The coadministration of silibinin with MTX or placebo significantly elevates serum levels of IL-10 and IL-2 compared to baseline values; however, the effect of silibinin was significantly higher than that reported in the placebo group. Moreover, the administration of silibinin with MTX produces a greater decrease in anti-CCP antibody levels, which was significantly different compared to the placebo group post-treatment.
D I S C U S S I O N
Apart from functioning as antioxidants, polyphenolic compounds have well-recognized anti-inflammatory properties. 21 Based on evidence suggesting the antiinflammatory activities of silibinin, 13, 22 we evaluated the adjuvant use of silibinin with MTX, and the effect on the clinical and biochemical markers of RA. In this pilot clinical study, we showed for the first time that coadministration of silibinin with MTX in the treatment of active RA may increase the efficacy of the latter to improve both the clinical and biochemical markers of the disease. The reported improvement in some clinical scores and attenuation of inflammatory cytokines release were consistent with the previously reported anti-inflammatory activities of many polyphenols in vitro and in vivo. 23, 24 Several inflammatory cytokines and pathogenic T-cells, such as IL-17-producing T-cells, are implicated in joint destruction, 25 ,26 a major symptom of RA. Recently, we reported the antiarthritic effect of silibinin, when used alone or as an adjuvant with MTX, by decreasing the production of TNF-α, IL-1b and IL-8 in a rat model of zymosaninduced arthritis. 12 The outcome of this animal study encouraged our efforts toward performing the present pilot clinical study. Our data suggested that silibinin may inhibit tissue destruction caused by excessive production and release of destructive inflammatory mediators within the inflamed joints. These results are in tune with previous reports, where silibinin decreases expression of the proinflammatory cytokine that may be attributed to various mechanisms including suppression of reactive oxygen species (ROS) generation. 11, 27, 28 In our study, silibinin enhanced the antiarthritic activity of MTX, revealed as a significantly higher improvement in the biochemical markers and clinical scores compared to using MTX alone. Although the effect of silibinin alone was not evaluated due to ethical considerations, its concomitant use with other antiarthritic agents may show promising results, and future studies with larger patients sample and longer duration are needed to elucidate its effective role in this respect.
Silibinin is known to hinder the inflammatory process by inhibiting neutrophil migration; it also inhibits the formation of leukotrienes (by inhibiting 5-lipoxigenase pathway) and the release of histamine from basophils. 29 Moreover, silibinin attenuates the production of edema and granulation tissue in experimental animal models of chronic inflammation and is suggested as a potential treatment for chronic inflammatory disorders. 30 Because of the heterogeneous nature of RA, there is no single disease activity variable shown to be accurate or valid when used alone for diagnosis or treatment follow-up. Therefore, the ACR recommended the use of disease activity indices that include multiple variables (e.g., DAS28, HAQDI, or SDAI) for the accurate measurement of RA severity and treatment follow-up. In our study, coadministration of silibinin with MTX showed different outcomes in the disease activity indices. There was a significant improvement in DAS28 scores after 16 weeks compared to MTX plus placebo. Meanwhile, the effect on the SDAI scores compared with placebo was not significant. The difference in the results of these scores and the effect of silibinin depend on many factors that are variably modified in the silibinin-treated group, including the swollen and tender joint counts, visual analog scale, and the ESR. The anti-inflammatory role of silibinin in RA patients may be due to inhibition of cytokines production including TNF-α. This effect supports other previously reported data regarding use of natural products in RA or other inflammatory conditions. [32] [33] [34] In this study, silibinin improves the capacity of MTX to decrease the production of many inflammatory markers including TNF-α and anti-CCP antibodies. This was also in agreement with other reports that address the role of natural products in RA treatment, where their combination with MTX was evaluated with respect to efficacy and safety of the later in prospective controlled trials. 35, 36 Moreover, supplements from natural sources could be of value in decreasing the adverse effects of conventional drugs used for the treatment of RA, and may improve cost and patient compliance. 37 However, the extent of changes in the inflammatory markers was not associated with improvements in all clinical indices. This behavior seems to be common when using drugs that target TNF-α during RA treatment, 38 and the study limitations mostly influence the association between the biochemical and clinical outcomes of these treatment approaches.
The modest benefits of silibinin reported in this pilot study, which included Iraqi patients with active RA, may be attributed to its pleiotropic effects, which interfere with many pathophysiological processes of RA including immunomodulatory, antiinflammatory, and antioxidant activities. Meanwhile, other studies reported the dose-dependent antioxidant and anti-inflammatory activities of silibinin, and most of these effects were produced by using high daily doses (120 mg twice daily), comparable to that used in our study. 39 Moreover, the limitations of small sample size and short duration should be considered when trying to explain the variable clinical and biochemical outcomes of this study, and a larger sample and longer clinical trial duration is highly recommended.
C O N C LU S I O N
Silibinin may improve the effects of MTX on certain biochemical and clinical markers of patients with active RA.
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